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(54) SHOE AND METHOD FOR MANUFACTURING THE SAME 



(57) A method of manufacturing a shoe according to 
the present invention comprises a step of cutting a 
columnar raw material 1 to a given length to provkJe a 
disc-shaped raw material 2. a step of forming on one 
end face of the disc-shaped raw material a spherical 
sliding surface 10 which is to be disposed in sliding con- 
tact with a spherical surface on a piston, and a step of 
forming a thernrral sprayed layer 6 on tt>e other end face 
of the disc-shaped raw material by a rapkJ gas H.V.O.F. 
spraying process, the thermal sprayed layer serving as 
a flat plate-shaped sliding surface 9 which is to be dis- 
posed in sliding contact with a swash plate. 

A shoe which is provided wrth the thermal sprayed 
layer 6 exhbits an increased seizure resistance in com- 
parison to a conventional shoe which is formed with a 
sintered layer, and can be manufactured inexpensively 



Fig.l 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a shoe and a 
method of manufadunng same, and more particularly, 
to a shoe which is used in a swash plate compressor 
and a method of manufacturing same. 

BACKGROUND OF THE INVENTION 

(0002] A method of manufacturing a shoe which is 
used in a swash plate compressor known heretofore is 
as follows: 

(0003] Specifically, in a first manufacturing method, a 
columnar raw material of a given diameter is cut to a 
given length to provide a disc-shaped raw material, one 
end face of which is formed with a sintered layer, which 
is then formed into a sliding surface in the form of a flat 
plate that is to be disposed in sliding contact with a 
swash plate. Subsequently, the other end face of the 
disc-shaped raw material is formed with a spherical 
recess or a spherical sliding surface comprised of a 
spherical recess, that is to be disposed in sliding contact 
with a spherical surface on a piston. 
[0004] Alternatively, in a second manufacturing 
method, a steel plate is previously formed with a sin- 
tered layer on one of its surfaces, arxi the plate-shaped 
raw materia! is punched into a columnar configuration to 
provide a columnar raw material. The surface which is 
provided with the sintered layer is formed into a sliding 
surface in the form of a flat plate that is to be disposed 
in sliding contact with a swash plate, while the other end 
face of the disc-shaped raw material is formed with a 
spherical recess or a spherical sliding surface com- 
prised of a spherical recess that is to be disposed in 
sliding contact with a spherical surface on a piston. 
[0005] The first manufacturing method has an advan- 
tage of good material yield because the columnar raw 
material is cut to a given length to provide the disc- 
shaped raw material, but has a disadvantage in respect 
of costs required because the work is complicated 
because of the need of providing the disc-shaped raw 
material and then forming the sintered layer thereon. 
[0006] On the other hand, according to the second 
manufacturing method, because one surface of the 
steel plate is formed with the sintered layer, the step of 
forming the sintered layer is facilitated in comparison to 
the first manufacturing method, while the plate-shaped 
raw material which is formed with the sintered layer is 
punched into the columnar configuration to provide the 
columnar raw nnaterial. thus degrading the material 
yield to result in a disadvantage in respects of costs 
required. 

[0007] In either nianufacturing method, the use of the 
sintered layer resulted in a given limit being placed in 
improving the performance in respect of seizure resist- 
ance. 



DISCLOSURE OF THE INVENTION 

[0008] In view of the foregoing, the present invention 
provides a shoe and a method of manufacturing same 
5 which provide an excellent seizure resistance while 
allowing its manufacture in an inexpensive manner in 
companson to the prior art. 

[0009] Thus, the present invention relates to a shoe 
having a flat plate-shaped sliding surface which is 
w adapted to be disposed in sliding contact with a swash 
plate and a spherical sliding surface which is adapted to 
be disposed in sliding contact with a spherical surface 
on a piston: 

characterized in that a thermal sprayed layer is 
js formed on the flat plate-shaped sliding surface of the 
shoe, the surface of the thermal sprayed layer serving 
as a flat plate-shaped sliding surface. 
[0010] The present invention also provides a method 
of manufacturing a shoe which comprises a step of cut- 

20 ting a columnar raw material to a given length to provide 
a disc-shaped raw material, a step of forming on one 
er>d face of the disc-shaped raw material a spherical 
sliding surface which is adapted to be disposed in slid- 
ing contact with a spherical surface on a piston, and a 

25 Step of forming a thermal sprayed layer on the other end 
face of the disc-shaped raw material by a H. VO.F (High 
Velodty Oxygen Fuel) spraying process, thus providing 
the therrnal sprayed layer which serves as a flat plate- 
shaped sliding surface that is adapted to be disposed in 

30 sliding contact with a swash plate. 

[0011] With the manufacturing method mentioned 
above, the columnar raw material is cut to a given length 
to provide the disc-shaped raw material, thus achieving 
a good material yield. In addition, the thermal sprayed 

35 layer is formed on the end face of the disc-shaped raw 
materia!. As compared with forming a sintered layer 
according to the prior art. the step of forming the ther- 
mal sprayed layer is facilitated, whereby the shoe can 
be manufactured inexpensively 

40 [0012] A shoe with the thermal flame sprayed layer 
exhibits a greater seizure resistance than a shoe with a 
sintered layer, and allows a nnore reliatMe operation of a 
swash plate compressor to be secured, in particular, 
under an underlubricated condition. 

45 [0013] Where the H.V.O.R spraying process is 
employed for the thermal spraying, a higher rate of ther- 
mal spraying produces a thermal sprayed layer which is 
HDore dense and which exhibits a greater strength of 
adhesion with the columnar raw material, whereby a 

50 highly excellent seizure resistance can be expected. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] 

55 

Fig. 1 is views of manufacturing steps showing one 

emtxxfiment of the present invention; 

Fig. 2 is an enlarged cross section showing a com- 
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pleted shoe, and 
Fig 3 is a diagram of test results illustrating the sei- 
zure resistance of the shoe according to the 
present invention 

5 

BEST MODE FOR CARRYING OUT THE INVETtON 

(CX)15] A manufacturing method according to the 
present invention will be described below with reference 
to an embodiment shown As shown in Fig. 1. a colum- w 
nar raw material 1 having a diameter of 19 mm. which 
may comprise S45C. for example, is initially cut to a 
given length L to provide a disc -shaped raw material 2 
(0016) A conical opening 3 having an angle of 105" is 
then formed into one end face of the disc-shaped raw is 
material 2, and a ball 4 having a diameter of 1 1 mm is 
pressed into the opening 3 to form a spherical recess 5 
in an axially intermediate portion of the conical opening 
3. The purpose of the spherical recess 5 is to allow a 
shoe to be ganged with a piston of a swash plate com- 20 
pressor through a ball, not shown. 
(0017] A H.V.O.F. spraying process is then applied to 
the other end face of the disc-shaped raw material 2 or 
the end face thereof which is adapted to act as a sliding 
surface in the form of a flat plate that is to be disposed 25 
in sliding contact with a swash plate, not shown, thus 
forming a thermal sprayed layer 6 thereon to a thickness 
of 0.4 mm. During this process, the erxj face of the disc- 
shaped raw material 2 which is to be thermal sprayed is 
oriented upward for conducting the thermal spraying. 30 
(0018] Upon rennoving a surplus portion 6a of the 
flame sprayed layer 6 which extends outside the outer 
peripheral surface of the disc-shaped raw material 2. a 
through-opening 7 which measures 3 mm in diameter is 
formed in alignment with the axis of the disc-shaped raw 35 
material 2, thus communicating the spherical recess 5 
with the thermal sprayed layer 6 side through the 
through-opening 7. The through -opening 7 serves as an 
oil reservoir. 

(001 9] Additionally, a Cu plating layer 8 is then applied 40 
to a thickness of 20-30 jim to the entire area of the disc- 
shaped raw nnaterlal 2 and the thermal sprayed layer 6, 
whereupon the surface of the thermal sprayed layer 6 
inclusive of the plating layer 8 is removed to a thickness 
on the order of 0.1 mm, thus providing its surface which 45 
acts as a sliding surface 9 in the form of a flat plate that 
is to be dispK>sed in sliding contact with the swash plate. 
The Cu plating layer 8 is formed in consideration 0I the 
sliding nrK>vement between the spherical recess 5 arxJ a 
ball, not shown. so 
(0020] The ball 4 mentioned above is now again 
pressed into the spherical recess 5 to correct for any 
distortion caused by the thermal spraying operation, 
thus providing the surface of the spherical recess as a 
spherical sliding surface 1 0. 55 
(0021] A chamfer 11 is then formed in a peripheral 
region from the thernr\al sprayed layer 6 to the columnar 
raw material 2. and a chamfer 12 is also formed around 
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the inner peripheral surface of the through-opening 7 
which IS located toward the flat plate-shaped sliding sur- 
face 9 

(0022) The end face of the columnar raw material 2 
which faces away from the flat plate-shaped sliding sur- 
face 9 or the end face having the spherical surface is 
shaved off through a reduced thickness so that the axial 
length of the columnar raw materia! 2 and the thermal 
sprayed layer 6 becomes equal to a given length 

(0023) Subsequently, a large chamfer 13 having an 
angle of 30** is formed around the outer periphery of the 
erxj face of the columnar raw material 2 which has the 
spherical surface, and the flat plate-shaped sliding sur- 
face 9 is then subject to a lapping and a butting sequen- 
tially to have a thickness of the flat plate-shaped sliding 
surface 9 which is in a range of 0. 1 5-0.25 mm. thus pro- 
viding a completed product of shoe 14 which is shown 
to an enlarged scale in Fig. 2. 

(0024) When the rapid gas flame spraying process is 
applied to the flat plate-shaped sliding surface side of 
the shoe 14 to form the thermal sprayed layer 6 thereon 
in this manner so that the surface of the thermal sprayed 
layer 6 serves as the flat plate-shaped sliding surface 9, 
there can be obtained a shoe having a seizure resist- 
ance which is improved over the prior art. 

(0025] Fig. 3 shows results of a test which determined 
the seizure resistance. 

[0026] The test comprises rotating a disc formed by an 
FCD hardened material, bringing a shoe into abutment 
under pressure against the surface of the disc, and 
determining a load where a seizure occurs. 

(Test conditions) 

[0027] 

Peripheral speed of shoe at point of contact: 15m/s 
Load: 0.4 kN/IOmin, gradually increasing 
Lubricant: ice machine oil 

[0028] The product according to the present invention 
has the flame sprayed layer 6 applied to the raw mate- 
rial S45C to a thickness of 0.15-0.25 mm by the rapid 
gas flame spraying process, and the flame sprayed 
layer 6 has components of remainder Cu-10 Sn-IOPb 
by weight percentage. 

Control A is a shoe which is entirely formed of phos- 
phor bronze (remainder Cu-6.5 Sn-0.2P)- 
Control B comprises S45C raw material on which a 
sintered layer is formed, the sintered layer having 
the same components as the product of the inven- 
tion, namely. remairxJer Cu-10 Sn-IOPb. 
Control C comprises a shoe which is entirely 
formed of T6 treatment of remainder AI-17 Si-4.5 
Cu-0.5 Fe-0.5Mg-0-1Mn. 

Control D comprises a shoe which is entirely 
formed of T6 treatment of remainder AI-1 7 Si-4 Cu- 
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5Fe-l.2Mg-0.5Mn. 

[0029] As will be evEdent from test results shown in 
Ftg 3, the product of the present invention exhibits an 
excellent seizure resistance, and in particular, demon- 5 
strates its superior effect over the control B in which the 
same components as in the product of the present 
invention are sintered together. 

(0030] Components to form the flame sprayed layer 6 
according to the present invention may be a Cu alloy io 
comprising at least one or two or more of added compo- 
nents consisting of 40% or less of Pb. 30% or less of Sn, 
0.5% or less of P, 1 .5% or less of Al. 10% or less of sil- 
ver. 5% or less of Si. 5% or less of Mn. 5% or less of Cr. 
20% or less of Ni and 30% or less of Zn. aii represented ts 
by weight percentage, and a remainder of Cu. 
[0031] By using a Cu alloy having such components, 
a more excellent seizure resistance performance can 
be obtained. 

[0032] In particular, when using a Cu alloy, it is desir- 20 
able that a thermal sprayed layer be formed from a mix- 
ture of undissolved texture and dissolved texture of 
atomized powders of the Cu alloy. Thus, atomized pow- 
ders are generally dissolved as they are pumped into a 
flame by a gas. but part of the atomized powders can be 25 
left within the thermal sprayed layer by preventing the 
dissolution of part thereof during the thermal spraying 
operation as by expediting the cooling action. A more 
excellent seizure resistance performance can be 
obtained with a thermal sprayed layer which retains 30 
such texture. 

[0033] To serve as the flame sprayed layer of the 
present invention, an Al alloy thermal sprayed layer 
comprising 12-60% by weight of Si and a remainder of 
Al substantially and in which particulate Si is dispersed 35 
in a matrix can be used. 0.1-30% of Sn may be con- 
tained in this flame sprayed layer arxj Sn particles may 
be dispersed in a matrix. In addition, at least one or 
more of added components consisting of 7% or less of 
Cu, 5% or less of Mq, 1 .5% or less of IS^n, 1 .5% or less 40 
of Fe and 8% or less of Ni may also be contained. 
[0034] An excellent seizure resistance performance 
can be obtained with an Al alloy having such compo- 
nents. 

[0035] As compared with the strength of adhesion of 45 
150-200 Kg/cm^ which is obtained between a plasma 
sprayed layer and a raw material, such a strength of 
adhesion obtained with the H.V.O.F. spraying process is 
as high as 450-500 Kg/cm^. It is generally admitted that 
the greater the strength of adhesion, the more the abra- so 
sion resistance is improved, and accordingly, it is desir- 
able to employ the H.V.O.F. spraying process when 
forming the thermal sprayed layer 6. However, any other 
spraying process may be used to form the thermal 
sprayed layer 6. S5 
[0036] If any spraying process is used, the surplus 
portion 6a of the thermal sprayed layer 6 which projects 
outside the outer peripheral surface of the disc-shaped 
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raw material 2 or any sprayed material which is sprayed 
on locations other than the disc-shaped raw material 2 
can be recovered for reuse, which is an economical 
advantage. 

[0037] In the described embodiment, the sphertcal 
sliding surface 10 which is concave is formed and is 
arranged to be ganged with a piston through a ball, but 
it should be understood that a convex spherical sliding 
contact surface may be formed for direct ganged motion 
with the piston, as is well Known in the art 
[0038] In the described embodiment, the spherical 
recess 5 is formed before the thermal sprayed layer 6 is 
formed, but it is possible to reverse the sequence of 
these steps, 

INDUSTRIAL AVAILABILITY 

[0039] As discussed above, the present invention 
brings forth an effect that a shoe having an increased 
seizure resistance can be manufactured inexpensively 
in comparison to the formation of a sintered layer 

Claims 

1. A shoe having a flat plate-shaped sliding surface 
disposed for sliding contact with a swash plate and 
a spherical sliding surface dispxjsed for sliding con- 
tact with a spherical surface on a piston; 

characterized in that a thermal sprayed layer 
is formed on the flat plate-shaped sliding surface of 
the shoe, the surface of the thermal sprayed layer 
acting as a fiat plate-shaped sliding surface. 

2. A method of manufacturing a shoe comprising a 
step of CLftting a columnar raw material to a given 
length to provide a disc-shaped raw material, a step 
of forming on one end face of the disc-shaped raw 
material a spherical sliding surface which is to be 
disposed in sliding contact with a spherical surface 
on a piston, and a step of forming a thermal 
sprayed layer on the other end face of the disc- 
shaped raw material by H.V.O.F. spraying process, 
the thermal sprayed layer serving as a flat plate- 
shaped sliding surface that is to be disposed in slid- 
ing contact with a swash plate. 

3. A shoe or a method of nnanufacturing a shoe 
according to Claim 1 or Claim 2 in which the ther- 
mal sprayed layer comprises a Cu alloy, the thermal 
sprayed layer being formed from a mixture of undis- 
solved texture and dissolved texture of atomized 
powders of the Cu alloy. 

4. A shoe or a method of manufacturing a shoe 
according to Claim 3. characterized in that compo- 
nents in the Cu alloy are a Cu alloy comprising one 
or two or more of added components consisting of 
40% or less of Pb. 30% or less of Sn. 0.5% or less 
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of P. 1 5% or less of A!. 1 0% or less of siiver. 5% or 
(ess of Si. 5% or less of Mn, 5% or less of Cr. 20% 
or less of Ni and 30% or less of Zn. all represented 
by weight percentage, and a remainder of Cu. 

5 

5. A ^oe or a method of manufacturing a shoe 
according to Claim 1 or Claim 2. characterized in 
that the thermal sprayed layer Is a thermal sprayed 
layer comprising 12-60% by weight of Si and a 
remainder of Al substantially, with particulate Si io 
being dispersed in a matrix. 

6. A shoe or a method of manufacturing a shoe 
according to claim 5, characterized in that 0.1-30% 

by weight of Sn is contained, with Sn particles is 
being dispersed in a matrix. 

7. A shoe or a method of manufacturing a shoe 
according to Claim 6. characterized In that at least 
one or more of added components consisting of 7% 20 
or loss of Cu. 5% or less of Mg. 1 .5% or less of Mn, 
1.5% or less of Fe and 8% or loss of Ni, all repre- 
sented by weight percentage, are contained. 
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